Isomangiferin was isolated from Cyclopia subternata using a multi-step process including extraction, 19 liquid-liquid partitioning, high-speed counter-current chromatography (HSCCC) and semi-preparative 20 reversed-phase HPLC. Enrichment of phenolic compounds in a methanol extract of Cyclopia subternata 21 leaves was conducted using liquid-liquid partitioning with ethyl acetate -methanol -water (1:1:2, v/v). 22
Eclipse XDB column (150 x 4.6 mm; 5 µm particle size; Agilent Technologies) protected by a guard 81 cartridge (12.5 x 4.6 mm) with the same stationary phase for improved peak shape and resolution of 82 compounds. The aqueous mobile phase was also changed to 0.1% formic acid instead of 2% acetic acid to 83 facilitate direct transfer to LC-HR-ESI-MS analysis, while acetonitrile was kept as the organic mobile 84 phase. The flow rate and column temperature were 1.0 mL/min and 30 °C, respectively. 85
Solutions of C. subternata crude methanol extract, enriched fraction and HSCCC-fractions, dissolved in 86 dimethylsulfoxide (DMSO), were filtered through 0.45 µm Millex-HV hydrophilic polyvinylidene fluoride 87 (PVDF) syringe filters (Millipore) and automatically injected in duplicate at an appropriate volume. 88
Authentic reference materials, i.e. compound 1 and hesperidin (4) from Sigma-Aldrich (St Louis, MO, 89 USA), and eriocitrin (3) and luteolin (5) from Extrasynthese (Genay, France), were used for tentative peak 90 identification according to retention times and UV-Vis spectra (Table 1) . Compound structures are shown 91
in Fig. 1 . Quantification of peak area was performed according to a calibration series containing all 92 standards injected at 10 µL and covering concentration ranges of 5 -240, 2 -100, 2 -200 and 0.5 -20 93 mg/L for compounds 1, 3, 4 and 5, respectively. Concentration ranges were selected based on expected 94 concentration of compounds in samples. Four major unknown peaks were observed on the HPLC-DAD 95 chromatogram of the crude methanol extract and enriched fraction and designated compounds 6-9. Based 96 on the UV-Vis spectra of the peaks (Table 1) , compound 6 and 9 was classified as flavanones, compounds 8 97 as a flavone and compound 7 as a hydroxycinnamic acid. The xanthones (1, 2), flavone (5), unknown 98 hydroxycinnamic acid (7) and unknown flavone (8) were quantified at λ 320 nm and the known and 99 unknown flavanones (3, 4, 6, 9) at λ 288 nm. Compound concentrations were expressed as g per 100 g 100 dried extract or fraction. Compound 2, differing from 1 only in the position of glycosylation and showing a 101 similar UV-Vis spectra to 1 (Fig. 2) , was quantified using 1 as standard with the assumption that their 102 extinction coefficients should be similar. Compounds 7 and 8 were quantified as g luteolin equivalents per 103 100 g and compounds 6 and 9 as g hesperidin equivalents per 100 g due to similarities in their UV-Vis 104 spectra. 105 106 which was filtered and kept as a separate fraction. The filtered sample solution was introduced into the 163 separation column through a manual low-pressure sample injection valve (Rheodyne, Cotati, CA, USA) and 164 a 25 mL loop without prior column equilibration. The lower phase was pumped at a flow rate of 3 mL/min 165 in the 'head-to-tail' direction after start of rotation at 850 rpm. The effluent stream from the tail outlet of 166 the column was monitored by UV-absorbance at λ 280 nm using a Knauer K-2501 UV detector (Berlin, 167
LC-HR-ESI-MS and -MS/MS analysis
Germany) equipped with a preparative cell (0.5 mm path length) and collected into test tubes with a fraction 168 collector (LKB SupeRac 2211, LKB, Bromma, Sweden) at 4 min intervals. After separation, the solvent in 169 the coil was ejected with nitrogen gas to determine stationary phase retention (S f ), which was 58%. The 170 ejected coil volume was also kept as an additional fraction. TLC analysis of all fractions was performed on 171 silica 60 F 254 plates (Merck) with chloroform -methanol -water -acetic acid (110:72:16:2, v/v) as eluant 172
and visualization was with the universal spray reagent p-anisaldehyde -sulphuric acid -glacial acetic acid 173 [13] followed by flash-heating at approximately 105ºC on a hot plate. Fractions were pooled according to 174 similarities in observed TLC profiles. 175 176
Semi-preparative reversed-phase HPLC 177
Semi-preparative reversed-phase HPLC separation was performed on an Agilent 1200 series HPLC 178 (Agilent Technologies) consisting of quaternary pump, autosampler, column thermostat, diode-array 179 detector, fraction collector and Chemstation software for LC 3D systems (Rev. B.02.01). Separation took 180 place on a Gemini C18 (150 x 10 mm; 5 µm particle size; 110 Å pore size) column, protected by a guard 181 cartridge (10 x 10 mm) with the same stationary phase (Phenomenex, Santa Clara, CA, USA). The mobile 182 phases, (A) 0.1% formic acid and (B) acetonitrile, were used in the following gradient: 0 -8 min, 13% B; 8 183 -10 min, 13 -18% B; 10 -15 min, 18 -50% B; 15 -17 min, 50 -13% B; 17 -27 min, 13% B. The flow 184 rate and column temperature were maintained at 4.7 mL/min and 30 °C, respectively. HSCCC-fraction 9 185 (59 mg) was dissolved in DMSO and diluted with water (1:4) to ca. 6 mg/mL. The solution was filtered 186 through 0.45 µm Millex-HV hydrophilic PVDF syringe filters (Millipore) and 100 µL injected repeatedly. 187
The peak containing 2 were collected using automatic peak detection. The crude methanol extract of C. subternata represents a complex mixture of compounds (Table 3) . 199
Among the constituents of the extract, the xanthone mono-C-glucoside structural isomers (1, 2), the 200 flavanone rutinosides (3-4) and a flavone aglycon (5) 
. Isolation of isomangiferin (2) 212
The crude methanol extract of C. subternata contains a relatively small amount of 2 (<1%) ( Table 3;  213 Fig . 2 ). In addition, most solvent systems in the polarity range of the sample, such as the ethyl acetate -n-214 butanol -water series and combinations of tert-butyl methyl ether -n-butanol -acetonitrile -water 215 resulted in very long settling times (>60 s) in the presence of the crude extract (data not shown), which is 216 not desirable for HSCCC separations. In order to enrich the extract and improve settling times by removing 217 interfering compounds, liquid-liquid partitioning of the extract in ethyl acetate -methanol -water (1:1:2, 218 v/v) was performed. This resulted in a fraction of medium polarity enriched in phenolic compounds, except 219 for compounds 6, 7 and 9. (Table 3 ). The complexity of the extract decreased slightly as the polymeric 220 compounds causing a broad baseline shift in the HPLC-DAD chromatograms were removed (Fig. 2) . 221
Compound 2 was enriched 4.5 times compared to the crude methanol extract. Several solvent systems were 222 evaluated (Table 2 ) using the enriched fraction by determining the partition ratios (K) for the compounds. K 223 values are usually a good predictor of the liquid-liquid distribution constant (K D ) in the HSCCC process. As 224 the most polar solvent system of the popular hexane -ethyl acetate -methanol -water solvent system 225 family gave very low K values for 1 and 2, more polar solvent system families consisting of ethyl acetate -226 n-butanol -water and tert-butyl methyl ether -n-butanol -acetonitrile -water were considered. Several of 227 these gave acceptable K values for 1 and 2, although α was too small (α of 1.5 or more theoretically needed 228 for a good separation). Some solvent systems used in previous work on xanthone glycosides (chloroform -229 methanol -iso-propanol -water) [16] or specifically 1 (n-butanol -water; n-butanol -1% acetic acid) 230 [10, 11] were also evaluated. The solvent system containing chloroform gave very low K values for 1 and 2 231 and was therefore not suitable. Both n-butanol -water (1:1, v/v) and n-butanol -1% acetic acid (1:1, v/v) 232 gave very similar results. n-Butanol -water (1:1, v/v) gave the best α value for 1 and 2, but compounds 4 233 and 5 had very similar K values to that of 1 and 2. Among the solvents systems tested, tert-butyl methyl 234
ether -n-butanol -acetonitrile -water (3:1:1:5, v/v) was selected for HSCCC fractionation due to its 235 excellent phase stability, short settling time in the presence of the sample (approx. 5 s) and K values for 1 236 and 2 close to 1, although compound 4 was predicted to co-elute with 1 and 2. Despite the extensive search 237 for a suitable solvent system spanning four solvent system families, none could be found to isolate 1 and 2 238 from C. subternata extracts without the need for additional semi-preparative HPLC. 239
Fractions from the HSCCC separation were pooled according to similarities of TLC profiles (Fig. 3) . 240
Some known and unknown compounds were quantified in the HSCCC fractions using HPLC-DAD (Table  241 3; Fig. 4 ). The precipitate formed during sample preparation for HSCCC contained mostly hesperidin (4) 242 and scolymoside (8) with a small amount of eriocitrin (3). The HSCCC separation was done in the so-called 243 reversed phase mode using the aqueous solvent layer as mobile phase, hence all relatively polar substances 244 such as flavanone-rutinosides (3 and 4) eluted early (HSCCC-fraction 5 and 6), and the less polar xanthone 245 mono-C-glucoside structural isomers later in HSCCC-fraction 9. Although hesperidin (4) appears to be 246 relatively polar when comparing K values determined using the shake flask experiment, its solubility is low 247 in water. HPLC analysis of HSCCC-fraction 5 detected a higher concentration of the more polar eriocitrin 248 (3) than of hesperidin (4), and vice-versa fraction 6 contained more hesperidin (4). The additional 4'-249 methoxy group of hesperidin (4) is responsible for the slight decrease in its polarity compoared to eriocitrin 250 (3). The less polar compounds luteolin (5) and 7 were only observed in the coil fraction. The elution order 251 observed differed from that expected from the K values obtained in the shake-flask experiment. Eriocitrin 252 (3) showed a higher K value than hesperidin (4) and scolymoside (8), but eluted before these two 253 compounds. A similar effect has been observed previously [17] . A major difference between the two 254 situations is that the sample solution as prepared for the HSCCC injection is much more concentrated than 255 in the shake-flask experiment. Liquid-liquid distribution of compounds in a very concentrated solution may 256 behave different than in less concentrated solutions due to interaction of compounds and matrix effects. 257 HSCCC-fraction 9 (64 mg; 12% yield of fraction from the extract subjected to HSCCC) (Fig. 3 ) 258 contained 1 and 2 with only minor unknown impurities detected by HPLC-DAD ( Fig. 5 ; Table 3), while  259 major unknown ionizable impurities were detected by LC-HR-ESI-MS (Fig. 5) . The HSCCC peak 260 containing 1 and 2 had a partition ratio (K D ) of ca. 1.2 as calculated from the retention volume. The content 261 of compound 2 in HSCCC-fraction 9 was enriched 5.5 times compared to the enriched fraction and 24.8 262 times compared to the crude methanol extract (Table 3) . HSCCC was, therefore, a valuable methodology to 263 pre-purify the two xanthone structural isomers from an enriched, though still quite complex fraction of C. 264 subternata on a semi-preparative scale (550 mg sample loading). In this study, the sample loading was 265 restricted due to available material, but it may be possible to increase the sample loading to obtain large 266 scale preparative separation. The significant reduction in complexity of HSCCC-fraction 9 compared to the 267 enriched fraction facilitated isolation of 2 (4.2 mg; 7% yield of 2 from sample subjected to semi-preparative 268 HPLC) using semi-preparative HPLC (Fig. 6) . Purity, calculated using HPLC-DAD, was 98 and 97% at 269 288 and 320 nm, respectively (Fig. 7) . No impurities were detected using LC-HR-ESI-MS in the positive 270 (Fig. 7) (Table 3) . Fewer product ions were observed in negative ionization mode compared to 290 positive ionization. Two major product ions, representing a 120 (m/z 301) and 90 (m/z 331) amu loss from 291 the molecular ion mass, were observed for both 1 and 2. This pattern is typical of C-glycosides [19, 20] . No 292 major differences in product ion abundance were observed between 1 and 2. From the results obtained it is 293
clear that positive ionization is better than negative ionization for differentiating between 1 and 2. 294
One and two dimensional NMR of mangiferin (1) and isomangiferin (2) 295
Mangiferin ( The fast separation capabilities of counter-current chromatography, using high sample loads and also 341 gentle isolation conditions, greatly improve the possible yields for recovery of unstable natural products. 342
During our phytochemical investigation preparative high-speed counter-current chromatography (HSCCC) 343 recovered a fraction highly enriched in the xanthone structural isomers, isomangiferin and mangiferin from 344 a highly complex enriched fraction of C. subternata extract, for final isolation with semi-preparative HPLC. 345 This is the first time that isomangiferin has been isolated from C. subternata and this work confirms its 346 presence in this Cyclopia species. In terms of preparative purification of isomangiferin for use as a 347 reference material, the procedure can be further optimised. Other Cyclopia species with higher 348 isomangiferin contents will be investigated in future as starting material. Scale-up is also possible due to the 349 nature of the HSCCC technique. Optimization of isomangiferin purification will be of great value in order 350 to ascertain the various possible bioactivities of this compound. 351 352 
